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(57) Abstract 

j 

A method is disclosed for incfeasing the methane recovery ntt through a wcHborc which penetrates a coal seam. The invention 
j uultzes (he caviution of the coal seam sunounding the weObore after a substamial percentage of the original raethane*in-place which is 
I available for recovery from the wellbore has been recovered from tfie coal seam. 
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MEHIOD FOR BNIUICB) RBOOVBR Y OF GOAL BTO 

5 

FIPinnPTHPIMVgMTIQN 

Trie present invention relates to methods for incTBastng the methane 
recovery rate from a ooal searn. More specifically, the present invention relates to 
1 0 methods which utilize the stimulatton of a coal seam from which a substantial 
percentage of the original methane-in-plaoe available to the weibors has been 
recovered. 

1 5 Coat seams contain significant quantities of natural gas. This rmtural gas is 

composed primarily of methane. The rate of recovery of methane from coal 
seams typically depends on the rate at which gas can How through the ooal seam 
to a production well. The gas flow rate through a coal seam is affected by many 
factors inckjding the matrix porosity of the coal, the permeat>ility of the coal seam, 

2 0 the extent of the fracture system which exists within the coal seam, and the stress 

lAHthin the ooal seam. 

An unstimulated ooal seam has a natural system of fractures, the smaller 
and most common ones being referred to as 'cleats* or collectivety as a *cleat 
system". To reach a wellbone, the methane must desorb from a sorption site on or 

2 5 within the ooal matrix and diffuse to the deat system. The methane travels along 

the deat system and other fractures presem within the coal seam to the wellbore 
where it is recovered. 

Typically, the natural system of fractures within a coal seam does not 
provide for an acceptable methane recovery rate. In general, coal seams must be 

3 0 stimulated to enhance the recovery of methane from the seams. Typically, the 

stimulation is completed prior to pladng a production well on*line to a gas 
gathering system. 

Various techniques have been developed to stimulate coal seams. One 
example of a technique for stimulating the production of methane from a coal 
35 seam is to complete the production wellbore with an open-hole cavity. In this 
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techniqug, a woBbore is driiiod to a locabon above the coal saam to be stimulatad. 
The weltoore is cased and the casing is cemented in place using a conventional 
drfUing rig. A modHied diilKng rig is then used to drill an *open»hole* interval 
within the coal seam. An open-hole intenral Is an interval within the coal seam 
5 which has no casing set. 

The open-hole interval can be completed by various methods. One 
method utilizes injection/blowdown cycles to create a cavity within the open-hole 
intenral. In this method, air is injected into the open-hole interval and then 
released rapidly through a surface valve. Once a suitable cavity has been 
1 0 created, the modHied driling rig is removed from the weltoore and the production 
well is put into service. A metal Bner. which has holes, may be placed in the 
open-hole interval if desired. The coal seam will be dewatered if necessary to 
improve the desorption of methane from the coal seam. 

Qene rally, once a coal seam has been dewatered and a sufficient methane 

1 5 recovery rate is maintained from the production well, very little is done to the 

production wells or the coal seam other than to perform routine and preventative 
maintenance on the production equipment 

As used herein, the following terms shaU have the following meanings: 

(a) *coal seams' are carbonaceous formation which typically 

2 0 contain between 50 and 100 percent organic material by weight; 

(b) "cleats' or 'deat system* is the natural system of fractures 
within a coal seam; 

(c) "formatipn paning pressure' and 'parting pressure' mean 
the pressure needed to open a coal seam and propagate an induced fracture 

2 5 through the coal seam; 

(d) 'resen^oir pressure* means the pressure of a coal seam near 
a weH duhng shut-in of that well; 

(e) 'recovery n>eans a controlled collection and/or disposition 
of a gas. such as storing the gas in a tank or distributing the gas through a 

30 pipeline. 'Recovering' specifically excludes venting the gas into the 
atmosphere; 

(f) 'sorption' refers to a process by which a gas is held by a 
carbonaceous material, such as coal, which contains micropores. The gas 
typically is held on the coal in a condensed or liquid-like phase within the 

3 5 micropores, or the gas may be chemically bound to the coal; 
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(g) •original methan»-in-place' mtans th« quantity of methane 
sorbed to the carbonaceous material of the coal seam available to be drained by 
a wellbore penetrating the seam. The original methane-in-place is measured 
prior to the initial recovery of methane from the coal seam; and 
5 (h) *pore pressure cracking* Is shear failure which Is induced in 

weak formation, such as coal seams, by rapidly changing the pressure which Is 
present within the micropores and the macropores of the carbonaceous matrix of 
the coal seam. Such failure will usually be accompanied by an increase in 
permeabittty of the coal seam. 

10 

SUMMARY OP THP tMVPrjnnM 

R has been surphsingty discovered that the recovery rate of methane from a 
coal seam can be greatly increased by stimulating the coal seam after recovering 
a substantial percentage of the original methan»*in-place. Tha substantial 

1 5 percentage of methane can be recovered by standard pressure depletion 
techniques or by injecting desort)ing fluids such as nitrogen, air, carbon dioxide, 
or flue gas into the coal seam to desort methane from the coal seam and cause it 
to move toward a production welt where it can be recovered. Methods which 
utilize injected desorbing fluids to anhance the recovery of mathane from a coal 

20 seam are sometimes hereinafter referred to as "enhanced coalbed methane 
recovery techniques." In the preferred embodiment of the invention, cavitation of 
the coal seam surrounding a production wellbore is earned out after a substantial 
percentage of the original r.iethane-in-piace available to the production wellbore 
has been removed from the coal seam. 

25 ft is believed that the removal of a substantial percentage of the original 

methane-in-place will aitow tensile and shear failure to be more readily created 
within the coal seam. The additional failure which is created within the coal seam 
will increase the permaabiiity of the coal seam and increase the mathane 
recovery rate from the coal seam. In tests performed in the field, on pnxluction 

30 wells which were already producing methane at very high rates, it was 
surprisingly discovered that it is possible to recavitate a wellbore that was 
originally completed using an open-hole cavity technique, and that the 
recavltation was capable of providing an Increased methane recovery rate of 
more than three times the pre-recavitation methane recovery rate. 

35 
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BRIPP DPfinRIPTIQN OF THg Pff AWIKiqc: 

FIG. 1 i$ a graphical itprtsenlation of the stresses assodated with the 
lailure ol ooal. 

FIG. 2 is a graphical representation of the stresses associated with the 
5 failure of ooai and the effect that cart>on dioxide has on the failure of the ooal. 

FIG. 3 is a graph of the average daily total gas recovery rate from a 
wellbore which penetrates a coal seam which has t>een recavitated using the 
current invention. 

FIG. 4 is a graph of the average daily total gas recovery rale from another 
1 0 weUbore which penetrates a ooal seam which has been recavitated using the 

cunent invention. 

FIG. 5 is a graph of the average daily total gas recovery rate from a third 
wellbore which penetrates a ooal seam which has been recavitated using the 

current invention. 

1 5 FIG. 6 is a graph of the average daily total gas recovery rate from a fourth 

weUbore which penetrates a ooal seam which has been recavitated using the 
current invention. 

FIG. 7 is a graph of the average daily total gas recovery rate from a fifth 
weUbore which penetrates a ooal seam which has t>een recavitated using the 
20 current invention. 

FIG. 8 is a graph of the average daily total gas recovery rate fn>m a sixth 
wellbore which penetrates a coal seam which has been recavitated using the 
current invention. 

FIG. 9 is a graph of the average daily total gas recovery rate from a seventh 
25 wellbore which penetrates a coal seam which has been recavitated using the 
current invention. 

DPSCRIPnON OFTHP PMRnntMPKTTC 

It has t>een surprisingly discovered that the methane recovery rate from a 
30 production well wrhich is in fluid communication with a ooal seam can be greatly 
increased by cavitating the ooal seam surrounding the weUbore alter recovering a 
substantial percentage of the original methane*in-place from the coal seam. 
Preferably, from 2 to 70 percent of the original methane-in-place available to the 
wellbore should be desorbed and recovered from the coal seam prior to 
3 5 cavitation; more preferably, from 7 to 50 percent of the original methane-ln-piace: 
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most prvfarably, from 15 to 30 porcont of tho original mottant-in-placo. h has 
been further surprisingly disoovered that the method is capable of greatly 
increasing the methane recovery rate from production wells that have been 
oompieted wKh open-hole cavitation techniques and that are already producing at 
5 a rate of greater than 28 thousand cubic meters of methane per day. Open^Ksle 
cavity completion wells which are producing greater than 26 thousand cubic 
meters of nrMrthane per day are considered very good wells which in the past 
would not be canctdates for additional stimulation. 

While U is not known why removing a substantial percentage of the original 

1 0 methane-in-place available to a wellbore prior to eavitating the coal aeam 
surrounding the wellbore increases the methane recovery rate so dramatically, it 
is tMlieved that it is at least in part a result of the matrix shrinkage which results 
when methane Is dasofted from the matrix. It is beBeved that matrix shrinkage 
will facilitate pore pressure cracking within the coat seam during the practice of 

1 5 the invention. Since coal seams are typically very heterogeneous, the shrinkage 
which occurs within the coal seam may be very uneven. The uneven shrinkage 
can exacert)ate the cracking within the coal seam. This cracking can increase the 
permeability of the coal seam and may facilitate the creation of shear and tensile 
failure within the coal aeam during cavitation. 

20 Additionally, as methane is removed from the coal seam, the material 

properties of the coal, such as cohesion strength, may change. It is t>eieved that 
the cohesion strength of the coal is reduced as methane is removed from the 
rrmtrix. Furthermore, other volatiies. such as ethane and propane, together with 
water, are typically removed from the coal together with the methane. R Is 

25 believed that the removal of these compounds from the coal also tends to reduce 
the cohesion strength of the coal which in turn makes the coal more friable. This 
reduction in coheston strength of the coal will fadHtate the creation of tensile and 
shear taihjre within the coal eeam during cavitation of the coal aeam surrounding 
the wellbore. As discussed eariier, tensile failure and shear failure created within 

30 a coal seam will increase the methane recovery rate from the well. 

WNle this invention is susceptible of embodiment in many dttferent forms, 
there wiB herein be described in detail, specific embodments of the invention. H 
shouM be understood, however, that the present disclosure is to t>e oonsMered 
an exempMcation of the principles of the invention and is not intended to limit the 

3 5 invention to the specific embodiments illustrated. 
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6 



RAinoval of Mothanft From the Coat R^ftm 

CoaJ SMms are compiisod of cart)onaoeous matohal which mchidas a 
matrix having an axtensiva system of micropores, and a system of fractures, which 
5 penetrate the matrix, commonly referred to as "cleats* The maiority of the 
methane contained in a typica) coal seam is sorbed within the micropores of the 
ooal. To remove the methane from the coal seam, several methods may be 
utilized. 

One method useful tor rerTx>ving methane from a ooal seam uHizes primary 
1 0 depletion to recover methane from the seam. In tMs method, as the reservoir 
pressure of the coal seam is lowered, the partial pressure of methane within the 
cleats decreases. This causes methane to desorb from the methane sorption 
sites and diffuse to the deats. Once within the deat system, the methane flows to 
a production well where it is recovered. The reservoir pressure continually 
1 5 decreases over time as methane is recovered from the coal seam. Also, the 
methane recovery rate tends to decrease over lime as methane is recovered from 
the seam. 

As discussed earlier, the carbonaceous matrix shrinks as methane is 
removed from the coal seam. TMs shrinkags will lower the stress within the ooal 

20 seam and if the shrinkage is uneven may cause cracking within the coal seam. 
Also, it is beKeved that as the stress within the coal seam is reduced, the formation 
parting pressure of the coal seam is reduced. A reduction in formation parting 
pressure will altow tensile faikires to be propagated more easily through the ooal 
seam at a tower pressure. It is preferable to reduce the stress within the formation 

25 by a sufficient amount to tower the formation parting pressure by at toast 20 
percent prior to cavitating the coal seam; more preferably t>y at toast 50 percent: 
and most preferably by at toast 70 percent 

FIQ. 1 is a graph of the failure envelope for a typical San Juan Basin ooaL 
Shear stress is represented on the y-axis and effective normal stress is 

3 0 represemed on the x-axis. The effective stresses are simply the stresses present 
within the coal minus the pore pressure (Pp) present within the coal. The 
cohesion strength of the coal seam can be determined from the point at which the 
lower bound of the failure envetope crosses the y-axis. The tower bound of the 
failure envetope is described by two lines 21 and 23. Unas 21 and 23 are used to 

35 describe the failure envelope due to the uncertainty in determining the tower 
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bound of tho faiturs envolopo. Coals subjeciod to itrMMt which placo thorn at or 
above tho lowar bound of the failure onvelope are prone to failure. Also 
dispiayod on FIG. 1 are two Mohr drdes 25 and 27 which graphicaily depict the 
stresses acting on the carbonaceous material of the coal seam. The fM dicle 25 
5 depicts the stresses which act on the carbonaceous material of the coal seam 
before methane has been recovered from the coal seam. The second drcie 27 
depicts the stresses which act on the carbonaceous material of the coal seam 
alter the reservoir pressure has been reduced by 3,S78»379 Pascals (Pa). 

For Mohr circles, the right foot-point oonresponds to effective overtwrden 
1 0 str^K, Sv-Pp. The left foot*poims of the Mohr drdes corresponds to tffadive 
minimum horizontal stress. Smin-Pp. As methane is removed from the coal seam, 
reservoir pressure and pore pressure are decreased. Therefore, since the 
overburden stress is not changing, the right foot-point 29 of Mohr drcie 27 is 
shifted to the right compared to the right foot*point 31 of Mohr drcie 25. The left 

1 5 foot-pdnt 33 of Mohr drde 27 is beieved to be shifted to the left compared to the 

left foot-point 35 of Mohr drde 25 because the minimum horizontal stress is 
reduced by the matrix shrinkage wfuch occurs within the carbonaceous material 
as methane is desorbed from the matrix, and becauso for most coals the affective 
minimum horizontal stress will be reduced more by the shrinkage than It is 
20 increased by the decrease In pore pressure, as methane is desorbed from the 
matrix. As can be seen from FIG. 1. as methane is desorbed and pore pressure is 
reduced, a Mohr drcie which represents the stresses acting on the coal moves 
closer to the failure envelope of the ooal. This is represented on FIG. 1 by Mohr 
drde 27 t>eing shifted up toward the failure envetope 21 as compared to Mohr 

2 5 drde 25. Failure is likely to occur once the Mohr drde touches or intersecu the 

faikjre envelope. Even if the Mohr drde is dose to the failure envelope but 
doesnl touch or intersed the failure envelope, the additional rapid change in 
pressure which occurs within the ooal seam during cavitation and the stresses this 
change creates can cause failure within the coal seam. 
30 The effective minimum horizontal stress can be approximated from the 

wellbore pressure measured at shut-in of the weUbore during fracturing of the 
coal. The approximation becomes more accurate as the fracture produced 
becomes smaller. Therefore, minlfrac tests, which are known to one of ordinary 
skill In the art, are believed to be accurate predictors of effective minimum 

3 5 horizontal stress. 



SUBSTITUTE SHEET (RU^E 25) 



wo 9503122 • KT/US9Sm490 
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As discussad above, when a Mohr cirde plotted tor a given ooal touohet or 
crosses the failure envelope, It means that the conditions are such that the ooal is 
prone to failure, in accordance with the current invention, after a aubstantial 
peroentaoe of the methane has been removed from the ooal aeam. a cavitation 
5 process is used to rapidly change the pressure and exacerbate the failure within 
the ooal surrounding the weltoore to create failure within the coal seam. 

The relative amount of carbon dioxide sorbed to a coal matrix is beieved to 
effect the amount of failure which occurs within a ooal seam during the practice of 
the currem invention, tt is believed the greater the matrix shrinkage which ooours 

10 tor a given reservoir pressure reduction and thereby pore pressure reductton, the 
higher the chance of failure occurring within the coal seam during the praciioe of 
the invention. Coal which contains carbon dioxide sort>ed to the matrix will exhibit 
greater matrix shrinkage durirtg the removal of gases from the coal than coal 
which does not contain carbon dioxide. 

1 5 Turning now to FIG. 2, the lower edge of the failure envelope is bounded by 

lines 37 and 38. Lines 37 and 38 are plotted due to the uncertainty of determining 
the tower edge of the failure envetope. As discussed earfier. coals which are 
subjected to stresses which plaoe them at or above the lower bound of the failure 
envetope are prone to failure, i^hr circle 39 graphically depicts the stresses 

20 acting on a coal which contains a known quantity of original gas-in-plaoe and a 
known initial pressure. Mohr circle 40 graphically depicts the stresses which will 
result within the coal If 100 percent by volume methane is withdrawn from the coal 
to reduce the pressure by 1,034.214 Pa. Mohr circle 41 graphically depicts the 
stresses which wiU result within the coal if an effluent is withdrawn from the coal 

25 which contains 90 percent by volume methane and 10 percent by volume carbon 
dioxide to reduce the pressure acting on the coal by 1,034,214 Pa. As can be 
seen from PIG. 2, tor a given reduction in pore pressure, a coal seam wMch 
contains carbon dioxkle and methane will be more prone to failure by pore 
pressure cracking than a coal seam which experiences a similar pore pressure 

3 0 reduction but which contains less carbon dioxide sortMd to the matrix. Therefore, 
when choosing wellbores to cavitate using the current invention, it is pretorable to 
choose wells which are producing an effluent which contains greater than five 
percent by volume carbon dioxide; more preferably, greater than nine percent by 
volume carbon dioxide, most preferably greater than ten percent by volume 

35 carbon dioxide. This preference for wells that produce an effluent containing 
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carton dioxidt it applicabto to wolbores that ara being produead using primary 
depMon tachniquas and antanoad coalbad mathana racovary tachniquaa wMeh 
utiba inart gasas such as nltrogan. 

Tha parcantaga of original mathanann-placa wtuch ramains within a coal 
5 saam is raiatad to tha laotharm lor tha coal and tha changa in rasarvoir prassura 
which has occurrad ainca mathana racovary was inKiatad. II has baan found thai 
bafora a wail is stimulotad in accordanca with tha invantlon, tha raaarvoir 
prassura near tha wall should ba prafarably raducad to from 20 to 80 parcant of 
the inrtiaJ reservoir prassura which existed prior to methane being racovarad from 

10 the ooal saam; more preferably^ from 30 to 75 percent of the initial raaarvoir 
pressure: and most preferably, from 36 to 59 percent of the initial raaarvoir 
pressure. This reduction in pressure and the associated recovery of methane 
from the coal seam will facilitate failura within the coal aeam during cavitation of 
the ooal aeam aurroundlng the weltore. 

15 As discussed earler, It is believed that the cohesion strength of the ooal 

seam may be reduced by the removal of methane from the coal seam. This 
reduction in cohesion strength as it occurs, will resuH in the failure envelope 
moving toward to the Mohr circle, thereby making the carbonaceous material 
more prone to failure during the practioe of the invention. 

20 A discussion of a method which may t>e utilized to determine a failure 

envelope for coal is contained in "Experimental Observations of Hydraulic 
Fracture Propagaton Through Coal Blocks*, SPE 21289, by H. H. Abass at al., a 
paper presented at the Society of Petroleum Engineers Eastern Regional 
Meeting, Columbus. Ohio. October 31 through November 2, 1990. 

25 It has been determined that the current invention is most effective when 

utilized on wells which have been producing greater than 2.8 thousand standard 
cubic meters of methane per day (MCMO) in the months prior to cavitation in 
accordance with the invention; preferably, greater than 14.2 MCMD; more 
preferably, greater than 28 thousand standard cubic meters of methane per day; 

30 and most preferably, greater than 56.6 MCMO. 

Another method wtiich can be useful for desorbing nriethane from a coal 
saam utilizes the injection of a desorbing fluid, such as nitrogen, into a aoiid 
cartonaoeous subterranean formation to enhance the recovery of methane from 
the formation. Such a method is described in U. S. Patent Number 5.014,785 to 

3 5 Pun. et al. 
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Thg injection of a desorbing fluid into the coal tram wiy tomr tha pertia! 
prt uurt of methana within tha deals of the coaJ seam and thereby cause 
methane to be desoitoed from the coal seam. The desorbed methane wil travel to 
a production weH where It can be recovered. Studies have shown that one 
5 nitrogen motecule can sorb to the matrix for about every 2 to 2.5 methane 
molecules that desorb from the matrix. Therefore, the coal matrix will shrink as 
nitrogen displaces methane from the coai. It is believed a desorbing fluid, which 
contains components which will tend to sweH the matrix, will stiB cause the matrix 
to shrink overall if the percentage of components that sweH the matrix is not too 
1 0 large. 

It is beieved that the shrinkage that occurs, as a resul of nitrogen ir^ecHon. 
wHI facilitale the faihjre of the coal for reasons which are similar to those isted 
above for the recovery of methane by primary pressure depletton. AdditkMially. It 
is beSeved that methane recovery by the vijectton of desort>ing flukJ may change 

15 the material properties of the coal more than methane recovery by phmary 
pressure depletion. This may result because of the drying of the coal which can 
result from the injection of desortiing fluid Into the coal seam. Spedficaily, ft is 
believed that the cohesion strength of the coal will be reduced. The tower 
cohesion strength which results, should make the coal more prone to faHurs 

2 0 during the practice of the current Invention. 

As with phmary depletion, a substantial percentage of the original 
methane-in-piace shoukJ be recovered from the coal seam phor to cavltating the 
coal seam surrounding the weUbore. Preferably. t>etween 2 to 70 percent of the 
ohginal methane-in-place available to the wellt>ore should be desorbed and 

25 removed from the coal seam surrounding the wellbore; more preferably, between 
30 to 70 percent of the original methane in place; most preferably, between 30 to 
50 percent 

By recovering a larger percentage of the original methane*in-place than 
was recovered using primary depletion, the benefits of the nitrogen injection and 
30 the increased recovery rate which results from the stimulation of the coal seam 
have been fully utilixed. 

A third method which can be useful for desorbing methane from a coal 
seam utilizes the injection of a desort)ing fluid, which contains at least fifty percent 
by vokjme carbon dioxkJe, into the coal seam. 
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II is tef tvMj that coal toams which hava undargona anhanoad raoovafy 
using carbon dioxida containing fluids ara also Ikaly to hava had thair matartal 
propartias aliarad. Spadlically, H is balavad that tha cohasion strangth of tha 
coal may ba markadly raduoad. This raduction In tha oohaaion strangth will mak$ 
S It aasiar to craata tansila and shaar fallura wKhln a coal aaam during tha praclioa 
of tha currant Invantlon as alniady discussad abova. Also, fluids which contain 
carbon dioxida tand to causa carbonacaous motarials. such as coal, to awall as 
mathana is dasorbad from tha matrix and carbon dioxida is sorbad to tha matrix. 
This swalling may ba unavan and tharafora may causa cradong within tha coal. 

10 As with anhanoad racovary using nitrogan* whan carbon tfoxida 

containing fluids ara utiltzad to raoovar mathana, it is prafarabia to racovar from 2 
to 70 paroent of the originat methaneHn-piaca avaitabla to tha waltoora prior to 
cavitating tha coal saam surrounding tha walibora in accordanca with the currant 
invention; mora prafarably. from 30 to 70 paroent of tha original methanenn- 

1 5 piaoe; most prafarably. from 30 to 50 percent of tha original mathana-in-plaoe. 

Since caibon dioxide causes the caibonaoeous matrix of coal to swell. It is 
preferable to desorb some of the carbon dioxide from the coal prior to cavitating 
the coai saam sumounding the weibore. This can be affectively done by relieving 
the pressure within the coal aaam through tha walibora. It is believed that tha 

20 pressure, preferably, should be relieved at a rote essentially equivalent to the 
maximum flow rate permitted by the walibora and walibora equipment It should 
be noted that the wellbore and wellbore equipment utilized to carry out the 
invention may provide a higher fluid flow rate than that achievable when the 
wellbore is configured to send gas to commercial sales. By desorbrng soma of 

25 the carbon dioxide from the coal sunounding the wellbore, the amount of swelling 
caused by the cart>on dioxide can be reduced. It is befieved that this will assist in 
creating failure within the coal seam during the practice of the invention. 
Additionally, unavan ahrinkaga is believed to occur within the carbonacaous 
matrix of the coal saam as carbon dioxide Is desorbed from the matrix. This 

3 0 uneven shrinking may cause cracking within the matrix which will make it easier 
to create tensile and shaar failure within the coal seam during the cavitation of the 
coai saam surrounding tha wellbore. 
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The Wellborn and Cavttatten of thi» fifiwi Saam Sufmniyinf, tha WftH^ 
In one aspect of the invention, the weltbore which it cavitated after e 
substantial peroemage of the original methane-in-plaoe has been reooveract is 
the same welbore which was originally completed into the methane producing 
5 ooaf interval. *Same weUbore* means that the wellbore has not been sidetradted 
or redrlUad at a nearby location. The cost effectiveness of the invention is greatly 
enhanced by using the same welbore. It is also beieved that in most 
circumstances, the highest methane recovery rate can t>e achieved t>y using the 
same wettbora. 

10 In another aspect of the invention, the wellbore which is cavttatod Mar a 

substantial percentage of the original methane is recovered from the coal eeam 
may be a sidetradced wellbore or may be a newly drilled wei which is dosely 
located to the original wellbore. This may be done when H is i m prac ti cable to use 
the original wellbore. For example, if the formation directly adjacent to the original 

1 5 wellbore was greatly damaged by the original completion technique used, it 
would be preferable to sidetradc to create a new wellbore in the region of the coal 
seam or to drill a new well. Even if a new well or a sidetradced wellbore is 
utilized, it is believed that the wellborB should be located dose enough to the 
original weltbore so that a substantial percentage of the original methane-«n-piace 

2 0 will have been recovered from the region of the coal seam which is to be drained 

by the new welbore. 

The cavitation may be accomplished by a variety of methods. For ejcample, 
the cavitation can be effected by introdudng a gaseous fluid, such as air, nitrogen, 
flue gas. or cartoon dioxide into the coal seam in a series of injection/blowdown 
25 cycles which will tend to destabilize the coal seam and cause carbonaceous 
material to be released imo the wellbore during blowdown. Addttional shear 
failure will occur within the coal seam during blowdown. The failure will usually 
rosult in increased permeability within the formation adjacent the wellbore. The 
increase in permeability is beieved to be greatest next to the welbore and will 

3 0 taper off as one gets farther away from the wellbore. In an alternative method for 

cavitating the coal seam surrounding the wellbore. the welbore is shut-in to allow 
the pressure within the welbore to build-up. Once the welbore pressure has 
reached a desired level, the welbore is allowed to btowdown to the surface with 
minimal restriction. The differential pressure which is created during this type of 
35 blowdown will also cause shear failure within the coal seam. In general both 
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injedion/bbwdown cycles and wellbore shut-ins are utillzsd in a typical cavitation 
prooadurt utiBzsd ty the current inventioa 

In another method which can be utilized to cavitate the ooaJ seam, a first 
fluid* which sorbs to the coal, is introduced into the coal seam and aAowed to sorb 
5 to the ooal prior to a second fluid being introduced into the coal seam. The 
second fluid is introduoed into the coal seam at a pressure greater tfian the 
formation parting pressure of the coal seam. After the second fluid is introduced 
into the ooai seam, the pressure within the coal seam is reBeved to create shear 
failure within the coal seam. This procedure can be utilized to cavKate the ooal 
1 0 seam surroundng wellbore intervals completed with cased-hole techniques and 
open-hole techniques. 

When utilizing injection/blowdown cycles to cavitate a coal seam 
surrounding the wellbore. the fluid is typically injected for about 2 to 3 hours. As 
fluid is injected, the pressure within the formation increases, rapidly and then 

1 5 begins to level off. It is belieyed that the leveKng off of the pressure during 

injection occurs as the formation parting pressure is rsached. It is beieved that 
tensile failure Is created within the coal seam as injection is continued at or above 
the formation parting pressure. K Is believed that the formation parting pressure 
will be approximately 689,476 to 1,378.951 Pa above the effective minimum 

2 0 honzontal stress present within the formation. Therefore, as methane is desorbed 

from the coal seam and minimum stress is reduced, the formation parting 
pressure will decrease. It is believed that the minimum stress can be further 
reduced by failure which is induced within the coal seam by each cavitation eyde. 
A reduced formation parting pressure can be advantageous because less 
25 compression is required to cavitate the coal seam. This reduced compression 
requirement should lower the costs associated with cavitating the coal seam 
surrounding the wellbore. 

As discussed earlier, the wellbore is rapidly blown down to reduce the 
pressure within the coal seam surrounding the weltoore once the desired quantity 

3 0 of fluid has been injected into the formation. It is believed that shear failure is 

created during this blowdown. In onjer to maximize the shear failure which is 
created within the coal seam, the pressure Is relieved at a rate essentially 
equivaJem to the maximum flow-rate permitted by the wellbore and wellbore 
control equipment. If desired, the wellbore and wellbore control equipment 
35 utilized during cavitation can be modified to increase the rate of pressure 
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rtduction which ctn f oMaintd during btowdown. TyplcaBy. tht prtssurt within 
th« ooal Mtm surrounding th« wsllbore wDI f reduced to approximatsly the 
fMarvoir prtssurt in loss than ont minute. During this time, the prtssurt within 
the bottom of the welbort will be reduced to ipproximately stmospheric prtssurt 
5 plus the hydrostatic prtssurt within the wellbore which rtsufts from the column of 
gas within the wellbore. Coal fines, water, and methane art generally produced 
during the blowdown. The blowdown is typically continued until coal fines are no 
longer produced. The coal fines may continue to be produced for between 
several minutes to several d^. 

1 0 Periodically, a flow test which lasts approximately 2 hours should be 

performed. During the cavitation prooedurt. the methane flow rate will generally 
continue to rise as cavitation is occurring. The flow rate, however, may vary up or 
down between subsequent cydes. Because of the variance In the methane flow 
rate which may occur behween subsequent cycles, a stable methane flow rate is 

1 5 preferably detsrmined by comparing the methane flow rates from at least three 
consecutive cydes. 

The cavitation is generally continued until a stable cavity is attained. When 
a stable cavity is attained, coal fines should no longer be produced during the 
blowdowns or during dean out of the wellbore or the amount of fines produced 

20 should be rapidly decreasing wKh subsequent blowdowns. A clean-out of the 
wellbore can be accompRshed by drculating fluid through the wellbore. If 
required, a drillbit can also be rotated within the wellbore to aid in the dean out of 
the wellbore. In addition to attaining a stable cavity, it is also preferable that the 
methane flow rate be stat>ili2ed before ceasing to cavttate the coal seam. As 

25 discussed above, a stable methane flow rate should be determined fl^m 
measuring the flow rate from three consecutive cavitation cydes. Preferably, the 
methane flow rate from three consecutive flow tests should differ no more than 5- 
10 percent from the highest rate to the lowest rate obtained from the three 
consecutive tests; more preferably, no more than 1-5 percent; most preferably, no 

30 more than 2 percent. 

Modifications to wellbore and wellbore control equipment which can be 
utiKzed to cavitate the coal seam surrounding a weHbore are more fully described 
in SPE 24906. 'Openhole Cavity Completions in Coalbed Methane Wells in the 
San Juan Basin", by I. D. Palmer et. al. a paper presented at the 67th Annual 
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Technical Confentnca and Exhibition of the Society of Petroleum Enoineers held 
in WaBhin0ton. DC October 4*7, 1992. 

Once the cavitation procedure is completed, the well can be reaEgned so 
thai the methane produced can be recovered. Typically* the methane recovered 
5 from the well will be sent to a pipeline. 

EMmolft 1 

This example shows that rt is possible to more than triple the methane 
recovery rtte from a weilbore using the current invention. 

1 0 Referring to PIG. 3. a weBbore was drilled into the fruitland formation coals 

of the San Juan Basin of New Mexico. The weilbore was initially oompMed using 
an open-hole cavity completion technique. The initial reservoir pressure near the 
weilbore, before methane was recovered from the weilbore* was approximately 
11.031,611 Pa. During the initial completion, the water production rate was 

1 5 approximately 2000 barrels per day. The high water production rate limited the 
amount of cavitation which could be performed on the well. Once the weilbore 
was completed, it was aligned to recover methane from the formation by phmary 
pressure depletion through 6.05 centimeters (cm) diameter tubing. For 
approximately three years, methane was recovered from the welbore by primary 

2 0 pressure depletion. During the three year period, approximately 10 percent of the 
original methane-in-place was recovered from the weilbore. After the three year 
period, the weUtX)re was taken off line arid recavitated. During the recavitation, 
the water production rate had decreased substantially, indicating that the coal 
seam surrounding the weilbore had been significantly dewatered. During the 

25 recavitation, the reservoir pressure was estimated to be about 6.B94.757 Pa. The 
recavitation was continued until a stat>le cavity was attained. Once a stable cavity 
was attained, the weilbore was realigned to recover methane from the formation 
by primary pressure depletion through 11.43 cm diameter tubing. 

PIG. 3 is a graphical representation of the total gas recovery rate from the 

30 weilbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the weilbore. The gas 
recovered from the weilbore contained approximately 90 percent by volume 
methane and approximately 10 percent by volume carbon dioxide both before 
and after the recavitation. For months 1 and 2 shown, the average daily total gas 

35 recovery*rate was approximately 127 thousand standard cubic meters per day. 
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Tht w»iibor« was taken off-line on about the 17th day of month three and 
therefore the averaoe daily total gas recovery rate as depicted for month three Is 
reduced. The weUbore was reaUgned to send gas to the pipeine on about the 
15th day of month four. 
5 As can be seen from FIQ. 3. by month eight the average daily total gas 

recovery rate was appronmately 495.5 thousand standafd cubic meters per day. 

Reterrtng to FIG. 4. a wellbore was drilled into the f ruWand formation ooais 
10 of the San Juan Basin of New Menoo. The wellbore was imtlaKy completed using 
a cased-hole technique. An initial gas-flow rate test to the atmosphere, which 
produced less than one percent of the original methane-in*place. was 
unsatisfactory. A deciston was made to sidetrack the original weObore and to 
create an open-hole cavity within the formation before the weUbore was put on- 
15 line to sales. The new wellbore was also sMetracked into the fruitland formation 
coals of the San Juan Basin of New Mexico. The sidetracked wellbore was 
completed using an open-hole cavity completion technique. The initial reservoir 
pressure near the sktetracked wellbore was approximately 7.928.970 Pa. During 
the inrtiaJ cavity completion, the completion rig was removed from the wellbore 

2 0 without determining whether a stable cavity was attained. 

Once the sidetracked wellbore was completed. It was aligned to recover 
methane from the formation by primary pressure depletion through 6.05 cm 
diameter tubing. For approximately two years, methane was recovered from the 
wellbore by primary pressure depletion. During the two year period. 
25 approximately 12 percent of the original methane-tn-place was recovered from 
the wellbore. After the two year period, the wellbore was taken off line and 
recavitated. During the recavitation. the reservoir pressure was estimated to be 
about 4.798.751 Pa. The recavitation was continued until a stable cavity was 
attained. Once a stable cavity was attained, the weltoore was reafigned to 

3 0 recover methane from the fonnation by primary pressure depletion through 8.9 cm 

diameter tubing. 

FIG. 4 is a graphical representation of the total gas recovery rate from the 
wellbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the wellbore. The gas 
35 recovered from the wellbore contained approximately 91.5 percent by volume 
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methaM and approximately B.S percent by vohime cartoon tfoxide botti before 
and after the reeavitation. For months 1 and 2 shown, the average daily total gas 
recovery-rate was approximatety 57 thousand standard cubic meters per day. 
The wellbore was taken off-line on about the 28th day of month three and 
5 therefore the average daily total gas recovery rate as depicted for month three Is 
reduced. The weUbors was realigned to send gas to the pipeline on about the 
25th day of the month lour 

As can be seen from FIG. 4, by month eight, the average daily total gas 
recovery rate was approximately 113 thousand standard cubic meters per day. 

10 

Referring to FIG. 5, a wetlbors was driled into the frultland formation coals 
of the San Juan Basin of New Mexico. The weBlMrs was initially completed using 
an open-hole cavity completion technique. The initial reservoir pressure near the 
1 5 wellbore, before methane was recovered fmm the wellbore, was approximately 
7,170,547 Pa. During the inrtial cavity compietton. the completion rig was 
removed from the wellbore without determining whether a stable cavity was 
attained. 

Once the wellbore was completed, the wellbore was aUgned to recover 

20 methane from the formation by primary pressure depletion through 6.05 em 
dameter tubing. For approximately two years, methane was recovered from the 
wellbore by primary pressure depletion. During the two year pehod. 
approximately 2 peroem of the original methane-in-place was ^covered from the 
wellbore. After the two year period, the wellbore was taken off Sne and 

25 recavitated. During the reeavitation, the reservoir pressure was estimated to be 
about 5.240,015 Pa. The reeavitation was continued until a stable cavity was 
attained. Once a stable cavity was attained, the wellbore was realigned to 
recover methane from the formation by primary pressure depletion through 
7.32 cm diameter tubing. 

3 0 FIG. 5 is a graphical representation of the total gas recovery rate from the 

wetlbors. The average daily total gas recovery rate is depicted for the calender 
months precedng and following the reeavitation of the wellbore. The gas 
recovered from the wellbore contained approximately 91 percent by volume 
methane and approximatety 9 percent by volume carbon dioxide both before and 

35 after the reeavitation. For momhs 1 and 2 shown, the average daily total gas 
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rMOv«ry-m wu approximately 142 to 17 thousand standard cubic maters per 
day. The wellbore was taken off-Une on about the 23th day of month three and 
therefore the average daily totaJ gas recovery rate as depicted for month three is 
reduced. The wellbors was rsaligned to send gas to the pipeine on about the 
5 29th day of the month fouf. 

As can be eeen from HQ. 5.. by month ten, the average daily total gas 
recovery rate was approximatety 34 thousand standard cubic maters per day. 

ExamBifl 4 

1 0 fWferrfng to PIG. 6. a wellbore was drilled Into the fruttand formation ooals 

of the San Juan Basin of New Mexico. The wellbore was initially completed usii>g 
an open-hole cavity completion technique. Ones the weBtx>re was completed. It 
was signed to recover methane from the formation by primary pressure depletion. 
The wellbore was taken off Ine and recavKated after approximately 4 percent of 

15 the original methane-in-place had been recovered from the wellbore. The 
recavitasion was continued until a stable cavity was attained. Ortce a stable cavity 
was attained, the welibors was realigned to recover methane from the formation 
by primary pressure depletion. 

FIG. 6 is a graphical representation of the total gas recovery rate from the 

20 wellbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the wellbore. The gas 
recovered from the wellbore contained approximately 91.4 percem by vokime 
methane and approximately 8.6 percent by volume carbon dioxide both before 
Bnti after the recavitation. For months 1 to 3 shown, the average daily total gas 

25 racovery-rate was approximately 79.3 thousand standard cubic meters per day. 
The wellbore was taken off-line on about the 8th day of month four and therefore 
the average daily total gas recovery rate as depicted for month four is reduced. 
The welbore was realigned to send gas to the pipeine on about the 11th day of 
month five. 

30 As can be seen from RG. 6, by month eleven, the average daily total gas 

recovery rate was approximately 169.9 thousand standard cubic meters per day. 
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ftotonfng to FIG. 7. a wellbore was drilled Into tho fniitland ferrration coalt 
of the San Juan Basin of Now Mexico. The weHbore was initially completed using 
an open-hole cavity completion technique. Once the wetlbore was completed. It 
5 was aligned to recover methane from the formation by primary pressure depletion. 
The weObore was taken off Ine and recavitated after approximately 19 percent of 
the original methane-in*place had been recovered from the wetlbore. The 
recavitation was continued until a stable cavity was attained. Once a stable cavity 
was attained, the wellbore was realigned to recover methane from the tormation 

10 by primary pressure depletion. 

FIG. 7 is a gnphical representation of the total gas recovery rate from the 
wetlbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the weHbore. The gas 
recovered from the wellbore contained approximately 90.4 percent by volume 

1 5 methane and approximately 9.6 percent by volume carbon cSoxide both before 
and after the recavitalion. For months 1 and 2 shown, the average daily total gas 
rscovery-rate was approximately 70.8 thousand standard cubic meters per day. 
The wellbore was taken off-line on about the 24th day of month three and 
thersfore the average dally total gas recovery rate as depicted for month three is 

20 reduced. The wellbore was realigned to send gas to the pipeline on about the 
11th day of month four. 

As can be seen from FIG. 7. by month ten. the average daily total gas 
recovery rate was approximately 101.9 thousand standard cubic meters per day. 

25 EMmPte 6 

Referring to FIG. 8, a wettbore was drilled imo the fruitiand formation coals 
of the San Juan Basin of New Mexico. The wellbore was initially completed using 
an open*hole cavity completion technique. Once the wellbore was completed, it 
was aligned to recover methane from the formation by primary pressure depletion. 

3 0 The weflbore was taken off Bne and recavitated after approximately 5 percent of 
the original methane-in-place had been recovered from the wellbore. The 
recavitation was continued until a stable cavity was attained. Once a stable cavity 
was attained, the wellbore was realigned to recover methane from the formation 
by primary pressure depletion. 
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FIG. 8 Is a graphical raprasarttation of tha total Qas racovary rata from tha 
waUbora. Tha avaraga daily total gas racovary rata is dapictad lor tha calandar 
months pracading and following tha raeavitatlon of tha wallbora. Tha gas 
raoovarad from tha wallbora containad approximataly 81.7 parcant by vohima 
5 mathana and approximataly 8.3 parcant by voiuma carbon dioxida both bafora 
and aftar tha racavitation. For months 1 to 3 shown, tha avaraga daily total gas 
raoovary-rata was approxiniataty 116 thousand standard cubic matars par day. 
Tha walbora was takan off-Gna on about tha 12th day of month tour and tharafora 
tha avaraga daily total gas racovary rata as dapictad for month four is raducad. 
1 0 Tha wallbora was raafignad to sand gas to tha pipaiina on about tha 12th day of 
the fifth month. 

As can ba saan from R6.8, by month aight tha avaraga daily total gas 
racovary rata was approximataly 339.8 thousand standard cubic matars par day. 

15 EamQjg 7 

Rafarring to FIG. 9. a wallbora was drillad Into tha fniitland fonnation coals 
of tha San Juan Basin of Naw Maxico. Tha wallbora was inttialiy complatad using 
an open-hole cavity completion technique. Once the wellbore was complated. it 
was aigned to recover methane from the formation by primary pressure depletion. 

20 The wellbore was taken off line and racavltated after approximately 30 percent of 
the original mathane-in-place had been recovered from the walbore. The 
recavitation was continued until a stable cavity was attained. Once a stable cavity 
was attained, the wellbore was raafignad to recover methane from the formation 
by primary pressure depletion. 

25 FIG. 9 is a graphical representation of the total gas recovery rate from the 

wellbore. Tha average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the wellt>ore. The gas 
recovered from the wellbore contained approximately 87.7 percent by volume 
methane and approximately 12.3 percent by volume cart>on dioxide both before 

30 and after the recavitation. For months 1 and 2 shown, the average daily total gas 
recovery-rate was approximately 17S.6 thousand standard cubic meters per day. 
The wellbore was taken off-line on atx>ut the 12th day of month three and 
therefore the average daily total gas recovery rate as depicted for month three is 
reduced. The wellbore was realigned to sand gas to the pipeline on about the Bth 

35 day of month four. 
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As can smh from FIG. 9, by month six, tho avoragt daily total gas 
racovtry rata was approximataly 339.6 thousand standard cubic matars par day. 

From tha foragoing da6Chption« it will ba obaarvad thai numarous 
variations, aitamativas and modifications will ba apparant to thosa skiUad in tha 
5 art Acoordngty. this dascription is to ba oonstniad as iUustrativa only and is tor 
tha purposa of taacNng thosa aWUad in tha art tha mannar of carrying out tha 
invantion. Vahous changes may be made and materials may be substitutad for 
thosa described in the application. For example, tt is beBaved that the oondWons. 
parameters, and techniques descht>ed in the application can be utilized to 
1 0 Increase the methane raoovary rate from other ao6d carbonaceous subterranaan 
formations, such as antrium, carbonaceous, and devonian shales. Also, It is 
believed that the effectiveness of other stimulation techniques, such as fracture 
stimulation, can be enhartoed by establishing the conditions and parameters 
discussed in this application prior to fracture stimulating a aold carbonaceous 
1 5 subterranean formation, such as a coal seam. 

Thus, it will be appreciated that various modifications, attematives, 
variations, etc., may be made without departing from the spirit and scope of the 
invention as defined in the appended claims. It is, of course, intended that all 
such modifications are covered by the appended claims. 
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WECUUM: 

1. A method for incroasing the methane recovery rate from production 
well which penetrates a coal seam, the method comprising the steps of: 

a) recovering from about 2 to 70 percent of the original methane* 
5 in-place from the coal seam: and thereafter 

b) cavitating the coal seam surrounding a wellbore of the 
production well. 

2. The method of Claim 1, wherein from about 7 to 50 peroent of the 
original methane-ta)-place is recovered in step a). 

10 3. The method of Claim 1, wherein from about 15 to 30 peroent of the 

original methane4n-ptace is recovered in step a). 

4. The method of Claim 1, wherein the recovery of methane from the 
coal seam is ladtttated by the Injection of a fluid containing nitrogen Into the coal 
seam. 

1 5 5. The method of Claim 4. wherein from about 30 to 50 persent of the 

original methane-in-place is recovered in step a). 

6. The method of Claim 1. wherein the step of cavitating the coal seam 
surrounding the wellbore comprises: 

ba) introducing a fluid imo the coal seam at a pressure above the 

2 0 reservoir pressure of the coal seam; 

bb) relieving the pressure within the coat seam to produce shear 
failure within the coal seam; and 

be) repeating steps ba) and bb). 

7. The method of Claim 6. wherein steps ba) and bb) are repeated urttil 
25 a stable cavity is attained. 

8. The method of Claim 6. further comprising: 

bd) measuring a methane flow-rate through the wellbore 
subsequent to relieving the pressure of step bb); and 

be) ceasing to repeat steps ba) and bb) when the rate of change 
30 of the methane flow-rate through the wellbore measured in step bd) from 

three consecutive flow tests differ no more than 5-10 percent from the 
highest rate to the lowest rate from the three consecutive cycles. 

9. The method of Claim 6, wherein the fluid introduced in step ba) is 
introduced into the coal seam at a pressure above the parting pressure of the coal 

3 5 seam. 
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10. Th« iMthod of Claim 1 , wht rtin ttt p b) oomprtsot: 

bft) ihuttino in tht w«libor» to cum tho protsunt within iho eoal 
•Mm surrounding tht w«Ubor» to ineroMt; and thtrMtlor 

bb) rolitving tht prttsura wHhin tha coai Mam through tha 
5 wallbora at a rata aMtntially aquivalant to a maximum flow rata parmittad 

bf tha wailbora and waltbora aquipmant 

11. Tha mathod of Claim l»wharain tha wailbora of atapb) iaeraatadby 
aidatracking tha original wailbora usad to racovar mathana In atap a). 

12. A mathod for racovaring mathana from a coal aaarn. tha mathod 
10 oomprtaingthaatapaof: 

a) eraating a wailbora which oompriMa an opan-hola cavity 
within tha ooal aaam; 

b) raoovocing mathane through the waHbora at an avarage daily 
racovary rata of at least 14.2 thousand standard cubic meters of methane 

15 per day; thereafter 

c) cavttating tha ooal Mam surrounding the weltbore; and 

d) recovering mathane through the weBbore at at least 1 .5 times 
the methane racovary rate of step b). 

13. The method of Claim 12, wherein the methane is recovered in step 
20 d) at at least 3 times the methane recovery rate of atap b) 

14. The method of Claim 12. wherein the average daily methane 
recoveiy rate of step b) is at least 28.3 thousand standard cubic meters per day. 

15. The mathod of Claim 14. further comprising raoovanng from about 7 
to SO percent of the original methane-in-placa prior to step c). 

25 16. The method of Claim 14, further comprising recovering from about 

15 to X percent of the original methane-in-place prior to step c). 

17. The method of Claim 12. wherein the average daily methane 
recovery rate of atap b) is at least 28.3 thousand standard cubic meters per day 
and the methane racovary rate of step d) is at least 3 tImM the methane recovery 

30 rate of step b). 

18. The mathod of Claim 12. further comprising recovering from about 2 
to 70 percem of the original methane«ln*place prior to performing step c). 

1 9. The method of Claim 1 2. wherein step c) compriMs: 

ca) introducing a fluid into the coal seam at a pressure above the 
3 5 rsMrvoir pressure of the coal Mam; 
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cb) rttoving the pressure within the coaJ seam to produce shear 
tailure within the coal seam; and 

cc) repeating steps ea) and cb). 

20. The method ol Claim ig. wherein the steps ca) and cb) are repeated 
5 until a stable cavity is attained. 

21. A method for increasing the methane recovery rate from a wellbore 
which penetrates a coal seam, the method comprising the steps of: 

a) recovering a sutfident quantitjr of an effluent, containing 
methane, through the wellbore to reduce the reservoir pressure within the 

1 0 coal seam near the wellbore to about 30 to 75 percent of the initial 

reservoir pressure; and thereafter 

b) cavitating the coal seam surrounding the wellbore. 

22. The method of Claim 21. wherein the effluent recovered in step a) 
contains at least about 5 volume percent carton doxide. 

1 5 23. The method of Claim 21. wherein the effluent recovered in step a) 

contains at least at>out 10 volume percent cart>on dioxide. 

24. The method of Claim 22, further comprising: 

c) measuring a methane flow-rate through the welbore between 
selected individual cavitation cycles; 

20 d) repeating step c); and 

e) ceasing to cavhate the coal seam surrounding the wellbore 
when the rate of change of the methane flow-rate through the wellbore 
measured in step c) from three consecutive flow tests differ no more than 5- 
10 percent from the highest rate to the lowest rate from the three 

2 5 consecutive cycles. 

25. The method of Claim 21 , further comprising: 

c) measuring a methane flow-rate through the wellbore between 
seleaed individual cavitation cycles; 

d) repeating step c); and 

30 •) ceasing to cavitate the coal seam surrounding the wellbore 

when a stable cavity is attained and when the rate of change of the 
methane flow-rate through the wellbore measured in step c) from three 
consecutive flow tests differ no more than 5-10 percent from the highest 
rate to the lowest rate from the three consecutive cydes. 

35 
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